obtained from the vastus lateralis 2 weeks prior to the first exercise trial and 3 h after each exercise bout.
Introduction
Exercise can be broadly categorized as either resistance-or endurance-based contractile activity. Resistance exercise (REX) induces mechanical overload of skeletal muscle to increase myofibre cross-sectional area (hypertrophy) and strength (Adams and Bamman 2012) , whereas endurance exercise (END) leads to improvements in whole-body aerobic capacity and increases in peak oxygen uptake (VO 2peak ) and skeletal muscle mitochondrial volume-density (Holloszy 2011 ). An alternative form of exercise stimuli, termed blood-flow restriction (BFR) exercise, involves the deliberate occlusion of blood flow to the working skeletal muscle to promote exercise adaptation responses. Indeed, a recent meta-analysis reported that both REX and END training performed with BFR can increase muscle strength and size (Slysz et al. 2015) . Moreover, low-intensity END training with BFR (i.e., <50% of VO 2peak ) increases both skeletal muscle hypertrophy (Abe et al. 2006) and VO 2peak .
The mechanisms mediating adaptation responses to BFR-based exercise have typically focused on anabolicrelated processes. In this regard, REX with BFR augments rates of muscle protein synthesis above basal conditions (Fujita et al. 2007; Gundermann et al. 2012; Fry et al. 2010 ) largely through mechanistic target of rapamycin complex 1 (mTORC1) signaling (Gundermann et al. 2014) , the "master regulator" of anabolic protein translation initiation. Furthermore, a single bout of REX performed with BFR is sufficient to downregulate markers of proteasomemediated proteolysis (Manini et al. 2011 ). However, little is known about the cellular mechanisms underpinning adaptive responses to endurance-based exercise with BFR. We recently reported that a single bout of low-intensity BFR cycling had a little effect on mTORC1 signaling or the mRNA expression of multiple PPARγ-coactivator-1α (PGC-1α) isoforms with divergent roles in mitochondrial anabolism and hypertrophy (Conceicao et al. 2016 ). Ozaki and colleagues (2014) reported an increase in mitogen-activated protein kinase (MAPK) signaling following 20 min of treadmill walking with BFR that was independent of mTORC1 kinase activity. Of note is that MAPK signal transduction is linked to a variety of exercise-induced cellular stresses (e.g., mechanical strain, redox imbalances, substrate turnover, etc.) (Kramer and Goodyear 2007) . Thus, it is plausible that alternate metabolic signals activated by contraction-provoked cellular perturbations initiate adaptive responses to low-intensity END performed with BFR.
Autophagy, a stress-responsive degradative system, involves the formation of vesicles termed autophagosomes that sequester and deliver cellular material to lysosomes for "recycling" and subsequent utilization in synthetic reactions (e.g., protein synthesis) (Mizushima and Klionsky 2007; Yu and Long 2015) . As such, autophagy is required for the preservation of skeletal muscle mass (Masiero et al. 2009 ). In addition, genetic ablation of autophagy impairs contraction-stimulated glucose uptake and reactive oxygen species (ROS) homeostasis that attenuates endurance-based exercise performance (He et al. 2012; Qiao et al. 2015) . Autophagy also selectively targets mitochondria for degradation, a process termed mitophagy that precedes mitochondrial biogenesis (Sin et al. 2015) . END can activate various markers of autophagy/mitophagy in human skeletal muscle (Schwalm et al. 2015; Jamart et al. 2012; Moller et al. 2015; Fritzen et al. 2016) , although the combined effect(s) of exercise with BFR on autophagy activation is unknown. Therefore, the primary aim of this study was to investigate autophagic cell signaling responses to lowintensity cycling undertaken with BFR and compare these responses with those invoked by "traditional" bouts of REX and END. Given that blood vessel occlusion of exercising skeletal muscle is purported to induce a local hypoxic environment and accentuate metabolic stress, we hypothesized that BFR would induce the largest autophagic/mitophagic response. We also hypothesized that this autophagic response to BFR would be commensurate with elevated MAPK signaling and expression of genes implicated in substrate metabolism, indicative of the occlusion-induced intracellular stress response and prevailing restoration of energy homeostasis, respectively.
Materials and methods

Subjects
Nine healthy, untrained male subjects [age 22.4 ± 3.0 year, body mass (BM) 73.5 ± 9.7 kg, VO 2peak 36.8 ± 4.8 mL kg −1 min −1
, leg press 1-repetition maximum (1-RM) 266 ± 66 kg; values are mean ± SD] volunteered to participate in this study (Conceicao et al. 2016) . Subjects were advised of any possible risks associated with the study prior to providing written informed consent. The study was approved by the Research Ethics Committee of the University of Campinas and carried out in accordance with the standards set by the latest revision of the Declaration of Helsinki.
Experimental design
The study employed a randomized, counter-balanced crossover design in which each subject completed on separate occasions, three exercise trials consisting of a single bout of resistance exercise (REX), endurance exercise (END), or low-intensity END with blood-flow restriction (BFR). Trials were separated by a 1-week recovery period, during which time subjects resumed their habitual diet and patterns of physical activity. Two weeks prior to the first exercise trial, a resting muscle biopsy was obtained and participants, on a separate occasion (~5 to 10 days prior to the first experimental trial), subsequently undertook preliminary testing.
Preliminary testing
VO 2peak
VO 2peak was determined during an incremental test to volitional fatigue on a Lode cycle ergometer (Groningen, The Netherlands) using an automated breath-by-breath metabolic system (CPX, Medical Graphics, Minnesota, USA). The protocol has been described in detail previously (Conceicao et al. 2016) . In brief, subjects commenced cycling at a workload of 50 watts (W) for 60 s and the workload was increased incrementally every 60 s until volitional fatigue. The highest oxygen consumption value was defined as the peak oxygen consumption (VO 2peak ) over any 30 s period.
Maximal strength
One-repetition maximum (1-RM) testing was performed on a leg press machine (45° leg press, G3-PL70; Matrix, São Paulo, Brazil) as previously described (Brown and Weir 2001) . Following a short warm-up, a series of single repetitions separated by 3 min recovery intervals were performed until the maximum load (1-RM) was established throughout a (eccentric/concentric) 90° range of motion. 1-RM was defined as the load that could be moved through the full range of motion once, but not a second time.
Diet and exercise control
48 h prior to an experimental trial, subjects were requested not to undertake any strenuous physical activity and refrain from alcohol and caffeine consumption. Subjects were provided with pre-packaged food and drinks (3 g carbohydrate kg −1 BM, 0.3 g fat kg −1 BM, 0.5 g protein kg −1 BM) to be consumed as the last meal prior to an experimental trial.
Experimental trials
Subjects reported to the laboratory at ~0700 h on the morning of an experimental trial following a ~10 h overnight fast as previously described (Conceicao et al. 2016) . After 15 min of rest in the supine position, a single resting muscle biopsy was taken from the vastus lateralis under local anaesthesia (1% lidocaine) using a 5-mm Bergstrom needle modified for suction. This single resting biopsy served as the baseline control for comparisons with all subsequent exercise trials. Two weeks after, the resting skeletal muscle biopsy was obtained, subjects returned to the laboratory under the same fasted and dietary conditions and undertook either a bout of REX (4 × 10 leg press repetitions, 70% 1-RM), END (30 min cycling, 70% VO 2peak ), or low-intensity END with BFR (15 min cycling, 40% VO 2peak ). Prior to the BFR-cycling bout, an 18-cm-wide cuff was placed on the proximal portion of the thigh (inguinal fold) over the tibial artery and inflated until the auditory blood pulse was undetectable using a vascular Doppler probe (DV-600, Marted, São Paulo, Brazil). Cuff pressure was gradually released until an initial arterial pulse was detected, of which was considered the systolic pressure at the tibial artery (Laurentino et al. 2012) . Cuff pressure was set at 80% of the maximum tibial arterial pressure corresponding to ~90 mmHg for each participant and was inflated throughout the entire 15-min BFR-cycling bout and removed immediately after. Muscle biopsies were taken from the vastus lateralis at separate incision sites 3 h following the completion of exercise bout, cleared from any visible connective and/or adipose tissue, and stored at −80 °C for subsequent analysis.
Analytical procedures
Western blotting 40 mg of skeletal muscle was used to generate whole muscle lysates for Western blot analysis (Smiles et al. 2015) . After determining protein concentrations by a BCA assay (Pierce, Rockford, USA), lysates (40 μg of protein) were resuspended in Laemmli sample buffer, boiled, and loaded for each subject into Stain-Free ™ Gels (Bio-Rad, California, USA). Proteins were resolved by SDS-PAGE and the gels were activated according to the manufacturer's instructions (Chemidoc, Bio-Rad, Gladesville, Australia) and transferred to polyvinylidine fluoride (PVDF) membranes as previously performed (Smiles et al. 2015) . Membranes were incubated overnight with a primary antibody (1:1000) at 4 °C and with a secondary antibody (1:2000) the following day for 1 h at room temperature. Target proteins were detected via enhanced chemiluminescence (Amersham Biosciences, Buckinghamshire, UK; Pierce Biotechnology) and quantified by densitometry (Chemidoc, Bio-Rad, Gladesville, Australia). Polyclonal antibodies against phosphorylated unc-51-like kinase 1 (ULK1)
, extracellular signal-regulated kinase 1/2 (ERK1/2) Thr202/Tyr204
, eukaryotic initiation factor 2α (eIF2α) Ser51 , total levels of autophagyrelated gene (Atg) protein 5 (Atg5), conjugated Atg5 and Atg12 (cAtg12), p62/sequestosome-1 (SQSTM1), Bcl-2/ adenovirus E1B 19 kDa-interacting protein-3 (BNIP3), PTEN-induced putative protein kinase-1 (PINK1), and Parkin were all purchased from Cell Signaling Technology (Danvers, USA). Polyclonal anti-phospho-eIF2Bε
Ser539 and total microtubule-associated protein-1 light chain 3 beta (LC3b) were purchased from Biosource (Carlsbad, CA, USA) and Abcam (Melbourne, VIC, Australia), respectively. For all proteins, volume-density of each target band was normalized to the total protein loaded into each lane using Stain-Free™ technology (Bio-Rad, California, USA) (Gurtler et al. 2013; Smiles et al. 2015) .
RNA extraction, quantification, reverse transcription, and real-time PCR
Skeletal muscle tissue RNA extraction was performed using a TRIzol-based kit according to the manufacturer's protocol (Invitrogen, Melbourne, Australia). In brief, ~20 mg of frozen skeletal muscle was homogenized in TRIzol with chloroform added to form an aqueous RNA phase. This RNA phase was then precipitated by mixing with isopropanol alcohol and the resulting pellet was washed and re-suspended in 50 µL of RNase-free water. Extracted RNA was quantified using a NanoDrop 2000 Spectrophotometer (Thermo Scientific, Scoresby, VIC, Australia). Reverse transcription and real-time Polymerase Chain Reaction (RT-PCR) were performed as previously described (Smiles et al. 2015) . In brief, first-strand complementary DNA (cDNA) synthesis was performed using commercially available TaqMan Reverse Transcription Reagents (Invitrogen, Melbourne, Australia). Quantification of mRNA in duplicate was performed using a CFX96 Touch™ RealTime PCR Detection System (Bio-Rad, California, USA). TaqMan-FAM-labelled primer/probes for LC3b (Cat. (Jemiolo and Trappe 2004) and was stably expressed between post-exercise and between the different exercise conditions (data not shown). The relative amounts of mRNAs were calculated using the relative quantification (∆∆CT) method (Livak and Schmittgen 2001) .
Statistical analysis
Data were analyzed using one-way repeated-measures analysis of variance (ANOVA) with Student-Newman-Keuls post hoc analysis (treatment only) (SigmaStat for Windows; Version 12.5). When tests for normality and/or equal variance failed, data were log-transformed and statistical inferences were made based on these data (Smiles et al. 2015) . Statistical significance was set to P < 0.05 and all data are presented as the mean with individual responses and expressed as a fold change relative to resting values. Pearson's correlation coefficient was used to determine the correlation between ULK1 phosphorylation sites following END only (Excel, 2010) . Magnitude-based inferences and Cohen effect sizes (ES) were used to identify mechanistically meaningful differences in protein and gene data (Coffey et al. 2009; Camera et al. 2012 ). The precision of the effect was determined using 90% confidence limits making the same assumptions about sampling distributions that statistical packages use to derive P values. Results are presented for ES according to Cohen's conventional threshold values where <0.2 is trivial, 0.2-0.6 is small, 0.6-1.2 is moderate, 1.2-2.0 is large, and 2.0-4.0 is a very large effect (Hopkins et al. 2009 ).
Results
Cell signaling proteins
Autophagy
Following END, phosphorylation of ULK1 S757 increased (~37 to 51%) above rest and BFR (P < 0.05, ES = 0.6-0.9; Fig. 1a ). Small reductions in ULK1 S317 phosphorylation below rest (~28%) following END (P > 0.05, ES <0.6; Fig. 1b ) resulted in a modest inverse association between ULK1 Ser 757 and Ser 317 phosphorylation sites with END (r 2 = 0.52, P < 0.05; Fig. 1c ). There were no changes in total Atg5 protein abundance for any exercise condition (Fig. 2a) , but there was a moderate effect for its conjugated, active form cAtg12 to increase above rest with BFR (~24%, ES = 1.06; Fig. 2b ). There were no changes in levels of LC3b-I and LC3b-II isoforms or p62 following any exercise stimulus (Fig. 2c-e) .
Mitochondria-specific autophagy
Compared to rest, there were modest increases in PINK1 following END and BFR (26-39%, ES = 0.6-1.0; Fig. 3a) . Parkin was significantly lower after BFR compared to REX (~20%, P < 0.05, ES = 0.72; Fig. 3b ). There were no changes in BNIP3 protein levels following exercise in any trial (Fig. 3c) .
Carbohydrate metabolism
REX increased GSK3β
Ser9 phosphorylation compared to BFR (~63%, P < 0.05, ES = 1.26; Fig. 4a ). There were moderate-to-large effects for GS Ser641 phosphorylation to increase in response to BFR (P > 0.05; Fig. 4b ). GS phosphorylation was elevated above rest (~28%, ES = 1.27) following BFR and this post-exercise increase was greater than REX (~33%, ES = 1.36) and END (~24%, ES = 0.91).
MAPK and protein translation
Immunoblot analysis of phosphorylated p38 MAPK Thr180/Tyr182 revealed the presence of two distinguishable bands separated by ~2 kDa (see representative sented as arbitrary units expressed as a fold change from rest. Due to limited sample availability, all BFR data were restricted to n = 8, whereas for cAtg12 only, n = 8 was available for the REX data analysis. Data are presented as individual responses with the group mean 1 3 blot for Fig. 5a, b ). These bands have been shown to represent skeletal muscle-enriched p38γ and p38α isoforms, in which the electrophoretic mobility of α is greater than γ (Scharf et al. 2013 ). Thus, we assumed that the upper and lower bands corresponded to p38γ and p38α, respectively. p38γ phosphorylation increased significantly above rest following REX (~348%, P < 0.05, ES = 0.84; Fig. 5a ) and this post-exercise increase was greater than BFR (~973%, P < 0.01, ES = 1.5). There was a moderate effect for p38γ phosphorylation to be greater than END following REX (~319%, P = 0.08, ES = 0.92). Post-END changes in phospho-p38γ also showed a moderate effect with elevations above BFR (~156%, P = 0.06, ES = 0.77). In contrast, there were moderate effects for p38α phosphorylation to decline below rest (Fig. 5b) following REX (~50%, ES = 0.95) and END (~40%, ES = 0.68). ERK1/2 Thr202/Tyr204 phosphorylation decreased below rest (~84%, P < 0.05, ES 1.47) following REX, while there were no other changes in its phosphorylation status in recovery after END and BFR (Fig. 5c ). There were no changes in eIF2Bε
Ser539 and eIF2α Ser51 phosphorylation after any exercise stimulus (Fig. 5d, e) .
Gene expression
Autophagy
There were no changes in the mRNA abundance of LC3b and p62 following any exercise condition (Fig. 6a, b) .
Carbohydrate metabolism
GLUT4 expression decreased below rest following REX and BFR (~30-33%, P < 0.05, ES >1.2), but not END (Fig. 7a) . GLUT4 mRNA abundance after END was greater than REX and BFR (~48-54%, P < 0.01, ES >1.2). There was a moderate effect for HK1 expression to increase above rest (~65%, P = 0.055, ES = 0.95) following END (Fig. 7b) . These post-END increases in HK1 mRNA were greater than REX (~64%, P < 0.05, ES = 0.95) and BFR (~83%, P < 0.05, ES = 1.14). The largest effect for HK2 abundance was observed after END (Fig. 7c) . In response to END, HK2 mRNA was significantly elevated above rest (~142%, P < 0.001, ES = 1.6). This post-exercise change in HK2 gene expression was greater than REX (~94%, P < 0.01, ES = 1.52) and BFR (~212%, P < 0.001, ES = 2.29). There was also a modest increase (~25%, P = 0.056, ES = 0.65) in HK2 mRNA above rest following REX, in which this REX-induced change in HK2 expression was greater than BFR (~61%, P < 0.05 ES = 1.17). There were large effects of exercise for PDK4 expression (Fig. 7d) . PDK4 mRNA increased significantly above rest following REX and END (~271-338%, P < 0.001, ES >1.2) and these postexercise changes in gene expression were greater than BFR (~423-517%, P < 0.001, ES >1.2). Thr202/Tyr204 (c), p-eIF2Bε Ser539 (d), and p-eIF2α
Ser51 (e) 3 h following a single bout of resistance exercise (REX), endurance exercise (END), or low-intensity cycling with blood-flow restriction (BFR). Values are normalized to total protein loading by stain-free technology and presented as arbitrary units expressed as a fold change from rest. Due to limited sample availability, BFR and REX data were restricted to n = 8. Data are presented as individual responses with the group mean. Significantly different (P < 0.05) vs. a rest and d BFR 
Discussion
Autophagy is an intracellular process that preserves cellular homeostasis by degrading nutrient substrate, protein aggregates, and superfluous organelles in response to "stress" conditions, such as strenuous contractile activity (Vainshtein and Hood 2016) and hypoxia (Bellot et al. 2009 ). The novel finding from this study was that short-duration, low-intensity (15 min, <50% VO 2peak ) cycling with BFR undertaken in the fasted state did not activate processes associated with autophagy or the mitochondria-selective form of autophagy, mitophagy. Moreover, select markers of substrate metabolism and MAPK signaling were similarly unchanged following cycling performed with BFR compared to non-occluded endurance-cycling and REX. These results indicate that 15 min of low-intensity cycling with BFR was insufficient to induce the metabolic cellular perturbations that stimulate tissue turnover responses (i.e., autophagy) to strenuous contractile stimuli .
The previous studies investigating low-intensity END training with BFR have reported greater gains in muscle mass and strength compared to non-occluded control exercise (Abe et al. 2006 . In addition to increasing muscle protein synthesis via mTORC1 signaling (Gundermann et al. 2012 (Gundermann et al. , 2014 Fry et al. 2010; Fujita et al. 2007 ), resistance-based BFR exercise has also been shown to attenuate the transcription of genes regulating proteasome-dependent skeletal muscle proteolysis (Manini et al. 2011) . Accordingly, we hypothesized that endurance-based BFR exercise would activate autophagy, a degradative system activated by END contraction in human skeletal muscle (Schwalm et al. 2015; Jamart et al. 2012; Moller et al. 2015; Fritzen et al. 2016) regulating cellular bioenergetics and preserving muscle mass (Masiero et al. 2009; Singh and Cuervo 2011) . However, in contrast to one of our original hypotheses, we found a little effect of BFR on the phosphorylation state of ULK1, a proximal effector of autophagosome biogenesis, at residues targeted by the energy-sensing AMP-activated protein kinase (AMPK) and mTOR, which modulate activation (Ser 317 ) and deactivation (Ser 757 ) of the kinase, respectively (Kim et al. 2011) . Moreover, there were no differences in the protein abundance of the ubiquitin-like enzyme Atg5 that contributes to expansion of the autophagosomal membrane (Mizushima et al. 2011) , despite a modest effect for its conjugated, active form (cAtg12) to increase above rest with BFR. There were also no changes at the gene and protein level for LC3b and p62, purported indicators of autophagosome biogenesis (Tanida and Waguri 2010) . Taken collectively, our results suggest that autophagy was neither activated at the transcriptional, translational, nor posttranslational level following BFR cycling. Despite analyses being restricted to observational measures of gene and protein responses, our findings are, nevertheless, surprising given the sensitivity of these markers to endurance-based contraction and the identical occlusion protocol (15 min cycling at 40% VO 2peak ) has previously been shown to augment muscle volume and VO 2peak in young men after 8 weeks of training (3 days/week) . Accordingly, it is likely that a single bout of low-intensity BFR cycling in isolation is insufficient for perturbing cellular bioenergetics and activating autophagy that ultimately form the basis for exercise adaptation (Hawley et al. 2014 ). Indeed, low-intensity cycling with BFR failed to upregulate select mRNA markers of carbohydrate metabolism, while GS Ser649 phosphorylation was elevated following BFR, suggesting attenuated glycogen synthesis, which may be a consequence of diminished autophagy activation, that has an established role in glucose uptake and substrate replenishment responses to END (He et al. 2012 ). We recently demonstrated that a single bout of low-intensity BFR cycling had a little effect on the expression levels of several exercise-sensitive PGC-1α isoforms (Conceicao et al. 2016) . Whether the cumulative effects of repeated BFR-cycling bouts are required to induce fluctuations in metabolic homeostasis and upregulate autophagy signaling is an area for future investigation.
While low-intensity BFR cycling failed to induce a detectable increase in autophagy signaling, phosphorylation of ULK1
S757
, an event which disrupts AMPK accessibility to ULK1 inhibiting autophagy induction (Kim et al. 2011) , increased above rest following END. Moreover, there was a modest inverse relationship between ULK1 Ser 757 and Ser 317 phosphorylation. This could indicate that initiation of autophagosome biogenesis was repressed 3 h following END exercise undertaken when fasted. The previous work in rodents demonstrates that the autophagic response to END is augmented in the fasted vs. fed state (Jamart et al. 2013 ) and recent human data suggest that activation of autophagy is dependent on AMPK phosphorylation of ULK1 (Schwalm et al. 2015; Moller et al. 2015) . The reason(s) for our discrepant findings are unclear and may be attributable to our delayed biopsy sampling timeframe failing to capture the activation of autophagy that has previously been observed during the early phase of recovery from endurance-based exercise in humans (Schwalm et al. 2015; Jamart et al. 2012; Moller et al. 2015; Fritzen et al. 2016) . Furthermore, the exercise protocols in the previous studies (Schwalm et al. 2015; Jamart et al. 2012; Moller et al. 2015; Fritzen et al. 2016) were of longer duration than the present END bout, suggesting that activation of autophagy may also depend on the volume of contractile work. Another consideration when comparing results from the present investigation to the previous studies is the untrained status of participants in our experiments. Indeed, the initial adaptive responses to endurance-based exercise encompass substrate replenishment and glycogen storage that leads to attenuated rates of glycolysis/glycogenolysis and lactate production at a given submaximal exercise intensity (Wende et al. 2007; Kim et al. 2015) . Therefore, since the largest post-exercise accumulation of mRNA encoding for genes implicated in glucose uptake (GLUT4), repression of glucose oxidation (PDK4), and glycogen storage (HK1/2) occurred following END, it is conceivable that autophagy was transiently repressed to prioritize restoration of energy balance. In this regard, because autophagy is an energy-consuming process (Plomp et al. 1987) , it may also be upregulated later into recovery (i.e., 12-24 h postexercise) to partition amino-acid substrate for maintenance of specific protein synthesis responses to END (Yu and Long 2015) .
Similar to the traditional END, low-intensity BFRcycling training has been shown to improve aerobic capacity (VO 2peak ) , which requires increased mitochondrial volume-density (Holloszy 2011) . Mitophagy is the process of mitochondrial segregation and lysosomal disposal and precedes mitochondrial biogenesis (Sin et al. 2015) . Canonical mitophagy involves full-length PINK1 (~60 kDa) accumulation on the outer membrane of damaged/depolarized mitochondria where it recruits the ubiquitin ligase Parkin to target mitochondrial proteins for sequestration by autophagosomes (Narendra et al. 2010; Vives-Bauza et al. 2010 ). Although we (Tachtsis et al. 2016 ) and others (Jamart et al. 2012 ) have previously reported no changes in mitophagic markers following END, we hypothesized that the intramuscular hypoxic environment and consequent metabolic stress imposed by BFR would activate induction of mitophagy. In contrast, there were no significant increases in PINK1 following BFRcycling and Parkin levels were lower than REX in recovery from BFR. In addition, BNIP3, a PINK1/Parkin-independent effector of mitophagy, that responds to hypoxia by mitigating ROS production by stressed mitochondria (Nakamura et al. 2012; Zhang et al. 2008) , remained unchanged after BFR. Considering that exercise-induced removal of ROS-emitting mitochondria is vital for skeletal muscle oxidative phosphorylation (Qiao et al. 2015) , it is likely that our BFR-cycling protocol was inadequate to induce the hypoxic conditions and/or associated metabolic stress (i.e., high rates of substrate turnover) required for subsequent mitophagy response-adaptations (Liang et al. 2015; Qiao et al. 2015) . Indeed, high-but not low-intensity REX with BFR increases plasma-derived markers of oxidative stress (Goldfarb et al. 2008) , while blood lactate levels are only marginally elevated immediately after BFR cycling (Conceicao et al. 2016) .
We found no changes in the phosphorylation state of the exercise-stress-sensitive MAPK proteins p38 MAPK Thr180/Tyr182 and ERK1/2 Thr202/Tyr204 following BFR cycling. Given that a similar bout of treadmill walking with BFR (20 min, 55% VO 2peak ) increased MAPK signaling at the same 3 h post-exercise time point (Ozaki et al. 2014) , it is plausible that the greater mechanical tension imposed by walking is sufficient for MAPK activation compared to the mainly concentric contractile activity of cycling. In addition, 45 min of constant-load knee extension exercise with BFR has been shown to induce p38 MAPK kinase phosphorylation, as well as PGC-1α isoform expression above rest immediately following, and 2 h after exercise, respectively (Norrbom et al. 2004 (Norrbom et al. , 2011 , suggesting that a longer endurance-based occlusion stimulus may be required to modulate MAPK signal transduction and downstream gene transcription.
In agreement with the previous findings (Coffey et al. 2006; Karlsson et al. 2004) , we observed large increases in p38 MAPK phosphorylation, specifically of the suspected γ isoform, following REX. However, there was a modest parallel effect for attenuated p38α phosphorylation, which, given that p38γ transactivates the PGC-1α promoter in skeletal muscle cells and p38α may have an opposing effect (Scharf et al. 2013; Pogozelski et al. 2009 ), could suggest that at 3 h post-REX, p38γ mediated a preferential induction of PGC-1α isoform abundance to restore energy homeostasis [e.g., via induction of PDK4 and regulation of glucose metabolism (Wende et al. 2005) ] in otherwise exercise-naïve skeletal muscle tissue. However, our previous findings of changes in PGC-1α mRNA abundance following REX do not entirely support this hypothesis (Conceicao et al. 2016 ) and future work is required to delineate the p38 isoform-specific remodeling responses to divergent exercise stimuli. Similar to p38α, phospho-ERK1/2 also declined below rest with REX only, which may have been due to an increase in its phosphorylation either immediately after or during the exercise bout itself (Karlsson et al. 2004) . In this regard, we cannot dismiss the possibility of elevated MAPK signaling (i.e., of p38 MAPK isoforms and/or ERK1/2) at an earlier exercise recovery time point in response to END and BFR cycling; however, because no accompanying mRNA transcripts of genes implicated in carbohydrate metabolism were present for BFR, we speculate that any prior-activation of MAPK signaling occurred solely for END and not BFR cycling. Nonetheless, the reason(s) for the reduction in phospho-ERK1/2 below rest during REX recovery is unclear and could relate to a temporal repression of ERK1/2 substrate activation to facilitate alternate intracellular processes, such as attenuation of energy-consuming protein translation to support the aforementioned restoration of energy homeostasis. Of note is that GSK3β Ser9 phosphorylation increased above BFR following REX. In addition to GSK3β phosphorylation relieving the inhibition toward GS, this 1 3 posttranslational modification can also promote eIF2Bε subunit activation (via dephosphorylation) and recycling of GTP-bound eIF2 to regulate "global" protein synthesis (Jefferson et al. 1999; Kimball 1999) . Since eIF2Bε Ser539 and eIF2α
Ser51 phosphorylation were unchanged in response to REX, the REX-induced increase in GSK3β phosphorylation above BFR (and lower state of phospho-GS) may have been indicative of greater rates of glycogen resynthesis.
In conclusion, we provide novel data demonstrating that a single bout of low-intensity BFR cycling failed to stimulate p38 MAPK phosphorylation and gene transcription responses, albeit at 3 h post-exercise, implicated in substrate metabolism compared with the traditional REX and END, which may have accounted for the inability of this exercise stimulus to activate markers of autophagy. However, both REX and END similarly did not alter the activation status of autophagy, and an increase in ULK1 phosphorylation at Ser 757 (an inhibitory posttranslational modification) following END could reflect a temporal repression of autophagy to "spare" the energy expense of autophagosome biogenesis and facilitate substrate replenishment responses, although this latter assertion warrants experimental validation. Nevertheless, although chronic cycling training with BFR has been shown to increase VO 2peak and skeletal muscle hypertrophy , these changes are relatively small when compared to adaptations with single-mode exercise training (Scott et al. 2015) . Accordingly, the cumulative stimuli of repeated BFR-cycling bouts are probably necessary to induce the requisite intracellular homeostatic disruptions that lead to adaptation and improved exercise capacity. While we acknowledge the limitations of basing assumptions on a single post-exercise time point, our findings raise the possibility that short-duration BFR cycling alone is not the optimal contractile stimulus for enhancing skeletal muscle adaptation to exercise. Future training studies incorporating pre-and post-training measures of performance/adaptation (i.e., VO 2peak , muscle cross-sectional area, peak power output, etc.) coupled with a time course analysis of adaptive cell signal transduction will highlight the potential efficacy (or lack thereof) of lowintensity END with BFR for heterogeneous populations.
